Controlled source electromagnetic (CSEM) methods are sensitive to the subsurface conductivity structure and thus had led to its use in resource exploration. Since the frequency for peak sensitivity and the exact location of an exploration target is normally unknown prior exploration, it is desirable to acquire the transfer functions for a broad range of frequencies and in a wide area. Investigations in both directions have been driven by optimising properties of the Fourier transform in order to enhance the frequency range and the source-receiver distances. Recent research on non-stationary (NS) time series analysis tools significantly enhanced processing of NS time series. This work assesses the possibility of NS source waveforms by presenting a chirp source that is highly customisable in amplitude and frequency range in order to accommodate any frequency range in combination with virtually any amplitude for each frequency (e.g. in order to counter attenuation by decreasing power from low frequencies to increase high frequency power assuming constant energy supply). A numeric example illustrates the NS waveform and that robust NS time series processing may lead reliably to the transfer functions of a 1D conductivity model. Lastly, the advantages of a freely customisable waveform design are discussed.
Introduction
Controlled source electromagnetic (CSEM) methods in the frequency domain employ an electromagnetic dipole to create a source field detected at receivers across the study area. Since the source dipole field propagates through the diffusive earth, the measured field at the receivers is seen as a linear convolution between source and earth. The receiver transfer function between electric and magnetic fields at receiver location depends on conductivity beneath the receiver, source-reciever distance and other (mainly geometric) factors. This renders CSEM sensitive to the subsurface conductivity structure and thus had led to its use in resource exploration (Myer et al., 2010 , and references therein). Since the frequency for peak sensitivity is normally unknown prior exploration, it is desirable to acquire the transfer functions for a broad range of frequencies and specialised waveforms have been researched in order to optimise some given criteria that maximises the success in respective situations. However, common practice is to rely on the Fourier transform as a time-frequency analysis tool and therefore concentrated the research on properties of the Fourier transform for the design of optimal waveforms. With the ongoing research on non stationary time series analysis tools (e.g. Hilbert Huang Transform by Huang et al., 1998) , restrictions in waveform design bound to the Fourier transform may be unnecessary and the performance of non stationary source waveforms should be assessed. In this work, we present a chirp as a non stationary waveform that is highly customisable in amplitude and frequency range. In a numeric example, we illustrate the non stationary waveform and how robust non stationary time series processing may lead reliably to the transfer functions of a 1D conductivity model. Lastly and based on the example, we discuss the advantages of a freely customisable waveform design.
Theory and Method
Within a time series decomposition technique Huang et al. (1998) propose the definition of Intrinsic Mode Functions (IMF), which are defined in such a way that they are ensured to always have well defined instantaneous parameters like frequency, phase and amplitude. In their work, the IMF m j (t), withF j as instantaneous amplitude,φ j as instantaneous phase andν j as instantaneous frequency, are defined as Neukirch and Garcia (2013) show that the convolution of an IMF m j (t) with any time domain system response function translates into a complex multiplication of the IMF with the frequency domain representation of that response function. Therefore, if we define two horizontal source field polarisations h (t) = s (t) (magnetic dipole source, however, type is arbitrary choice) such that it is an IMF with instantaneous frequencyν s , we can multiply the source h by the impedance Z(ν s ) to obtain the electric time series:
See Figure 1 for an example of a synthetic, non stationary source waveform and the respective electric data. We can find the receiver transfer function by analysing this relation between the electric and magnetic time series, even if they are all non stationary (Chen et al., 2012) . Per definition, each time step of the IMF has well-defined values for frequency, phase and amplitude. By setting up functions for these parameters, we can construct IMFs as source waveforms in any way we like. Thereby, we need to keep in mind, that we require a certain range of the instantaneous frequency sensitive to the target and since at each time step there is only one value for the instantaneous frequency, we should let the instantaneous frequency function oscillate in order to retrieve a number of events for the final regression step.
Example
Let us define a source field s by a frequency function f and amplitude function a in form of a chirp:
where amplitude and frequency functions follow the implicit rules given by the IMF definition. In practice, we suggest to use logarithmically-scaled and oscillating functions for amplitude and frequency in order to increase the dynamic range and to ensure sufficient statistical diversity, respectively, functions such as: log( f ) = A + B cos(F f t) and log(a) = C + D sin (F a t) ).
The parameters A, B, C and D, F f and F a define frequency and amplitude range and control the degree of non stationarity. Assuming no attenuation and (3) and (4) as North-South magnetic dipole source, we computed the East-West electric data following a 1D apparent resistivity model with a background resistivity of 30 Ωm and an anomaly of 0.1 Ωm at a depth (thickness) of 3000 m (100 m). The theoretic transfer function and the one obtained from processing the synthetic data are displayed in Figure 1 . 
Conclusions and Outlook
We propose to carefully examine the possibility of using chirp signals as source waveforms for CSTEM. Recent advances in non stationary data processing allow the analysis of non stationary time series and thus open a wide field of new possibilities of waveform design. We demonstrate on a simple synthetic example that processing of such signals delivers reliable results. Using a chirp as source waveform, we can chose any bandwidth and we can account amplitude attenuation over source-receiver distance, since both the amplitude and frequency can be tailored to specific needs. Both are typical problems for CSEM discussed by Myer et al. (2010) among others. As an example, by reducing low frequency amplitude in favour for high frequency amplitude, source signal range could be increased for high frequencies assuming a given power generator output.
